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Synthesis Procedures of Glycyrrhizin Analogs 18β-GA was provided by Jiangsu Nature Biological Engineering Technology
Co., Ltd., Jiangsu, P. R. China. Aspergillus sp Ts-1, a kind of β-glucuronidase, selectively hydrolyzed the terminal-glucuronyl linkage of 18β-GA to produce 18β-GAMG in 54% yield. 18α-GA and 18α-GAMG were respectively synthesized in yields of 23% and 21% after recrystallization from 18β-GA and 18β-GAMG by alkaline isomerization. 18α-GCCS and 18β-GCCS were respectively prepared in yields of 75% and 72% from 18α-GA and 18β-GA by acid hydrolysis (Scheme 1). 
18β-GAMG:
This compound was prepared from 18β-GA via biotransformation reaction. Aspergillus sp. Ts-1 on glucose yeast agar slant was inoculated into a 250 mL Erlenmeyer flask containing 100 mL of seed medium consisting of 1.0 g glucose, 0.2 g yeast, 1.0 g agar, 0.1 g KH 2 PO 4 and 0.025g MgSO 4 in distilled water (pH 7.0).
The culture media were sterilized at 121 °C for 20 min and the fermentation was carried out at 30 °C on a rotary shaker at 200 rpm. After 24 h of inoculation, 30 mL sterilized medium was inoculated into a 1,000 mL Erlenmeyer flask containing 300 mL pre-culture sample consisting of 15 g GA, 0.30 g KH 2 PO 4 , 3.0 g urea and 0.24 g MgSO 4 in distilled water and the pH value was adjusted to 6.0. The culture media were sterilized at 121 °C for 20 min and the fermentation was carried out at 30 °C on a rotary shaker at 250 rpm.
After 72 h of inoculation, the culture solution was filtered and the filtrate was extracted with ethyl acetate. The extract was concentrated under the reduced pressure.
The residue (14.5 g) was applied to a silica gel column (800 g, 5.0 × 100 cm) and eluted with CHCl 3 -MeOH in a gradient manner from 100:1 to 1:1. By TLC analysis, fractions General Procedure of Acid Hydrolysis of Glycyrrhizin: 18β-GA (2.00 g, 2.43 mmol) was added to a solution of AcOH (100 mL) and 5.0 M HCl (20 mL), the reaction mixture was heated and stirred for 1 h at 100 °C. After the reaction mixture was cooled to < 10 °C, the mixture was filtrated, washed with water, ethanol. The filter cake was dried to obtain the product 18β-GCCS (0.82 g, 72% yield) as a white 
Biological Assays and Experimental Procedures

Cell Culture
RAW264.7 murine macrophages were cultured in DMEM containing 10% fetal bovine serum, 100 units/mL penicillin, and 100 µg/mL streptomycin at 37 ºC in a 5% CO2 humidified atmosphere.
Assay for NO Production
RAW264.7 cells were inoculated at 1×10
5 cells per well in 24-well plate and cultured for 20 h. The cells were then pre-treated with 50 µM compounds which were prepared in serum-free medium for 2 h before stimulation with LPS (1 µg/mL). After Compound: treated with LPS and compounds.
Blank: cultured with fresh medium only.
Cell Cytotoxicity
Cell cytotoxicity was evaluated by methyl thiazolyl tetrazolium (MTT) assay.
RAW264.7 cells were inoculated at 6 × 10 3 cells per well in 96-well plate. After cultured for 24 h, the cells were treated with different compounds which were diluted in DMEM for 24 h. Then 20 µL of 0.5 mg/mL MTT reagent was added into the cells and incubated for 4 h. After 4 h, cell culture was removed and then 150 µL DMSO was added to dissolve the formazan. The optical density was measured at 570 nm (OD 570 ). Cell viability was calculated from three independent experiments. The density of formazan formed in blank group was set as 100% of viability. Cell viability (%) = compound (OD 570 / blank (OD 570 ) × 100%
Compound: treated with compounds or LPS. a The results were showed as means ± SD of at least three independent experiments.
S
Measurement of IL-6
RAW264.7 cells (7 × 10 4 cells/well) were cultured in 24-well plate. After cultured for 24 h, and pretreated with 10 and 40 µM of compounds for 2 h, and then LPS was added. The production of IL-6 was stimulated by the addition of 1 µg/mL LPS and incubated for 20 h. The levels of IL-6 in the supernatant were determined using the mouse ELISA kit (IL-6: R＆D SYSTEMS, DY406-05) which is operated according to the manufacturer's instructions.
Western Blot Analysis
RAW264.7 cells were seeded into a 6-well culture plate at a density of 2 × 10 6 cells per well, and then cultured for 24 h. Then, the culture medium was replaced by fresh medium containing 10、20 and 30 µM compounds, and 1 µg/mL LPS was added.
After cultured for another 30 min or 20 h, the cells were harvested and lysed with IP buffer (Beyotime, P0013) supplemented with 1 mM phenylmethanesulfonyl fluoride (PMSF: Beyotime, ST506) and incubated on ice for 30 min. The cell lysates were centrifuged at 14,000 × g for 10 min at 4 ºC to remove insoluble materials and the supernatant was collected. Total protein concentration was determined using a BCA protein assay kit (Thermo Scientific, 23227). Each protein sample was mixed with a quarter volume of 5X SDS-PAGE sample loading buffer (100 mmol/L Tris-HCl pH 6.8, 4% SDS, 5% β-mercaptoethanol, 20% glycerol, and 0.1% bromophenol blue) and 7 S boiled for 10 min. Equal amounts of total cellular protein were loaded per well in 12.5% precast SDS-PAGE gels and then transferred to polyvinylidene difluoride membranes (Bio-Rad) for over 60 min at 300 mA. The membranes were blocked with 5% non-fat dry milk in TBS plus 0.1% Tween 20 (TBST) for 2 h at room temperature, washed 3 times in TBST for 5 min each, incubated with the primary antibody (anti-phosphorylation of SAPK/JNK, anti-SAPK/JNK, anti-phosphorylation of ERK1/2, anti-ERK1/2, anti-phosphorylation of p38, anti-p38, anti-phosphorylation of IkBa , anti-IkBa, antiphosphorylation of NF-kB p65, and anti-NF-κB p65) at 4 ºC overnight (all the primary antibodies were purchased from Cell Signaling Technology and diluted at the ratio of 1:1000),washed 3 times in TBST for 5 min each, incubated with anti-rabbit or anti-mouse secondary antibody (1:5000 in TBST, Cell Signaling Technology) for 90 min, washed in TBST and exposed to ECL reagents.
Immunofluorescence Assay
RAW264.7 cells (7 × 10
4 cells/well) were cultured in 24-well plate. After cultured for 24 h, and pretreated with 20 and 30 µM of 18α-GAMG for 2 h, and then treated with LPS (1 µg/mL) for 3 h. The cells were washed twice with cold PBS, fixed with 4% formaldehyde for 15 min, and then permeabilized with 0.3% Triton X-100 in PBS for 10 min. After that, the cells were blocked for 0.5 h with 5% BSA. Cells were later incubated with primary antibody anti-NF-κB p65 antibody for overnight, followed by Alexa Fluor 488-labeled goat anti-rabbit IgG secondary antibody. After a wash step, stained with DAPI for 5 min and the images were acquired.
18α-GAMG Alleviated CCl 4 -induced Hepatic Fibrosis
Healthy male C57BL6 mice were randomly divided into 4 groups: control group, model group, high-dose 18α-GAMG group and low-dose 18α-GAMG group, and each with 10. All mice except normal group were given 20% CCl 4 olive oil (2 mL/kg) by hypodermic injection，two times a week for 4 weeks. Control group was given 0.9% sodium chloride by hypodermic injection, two times a week for 4 weeks.
18α-GAMG (200 mg/kg and 100 mg/kg) was given by intra-gastric administration to high-dose 18α-GAMG group and low-dose 18α-GAMG, two times a week for 4 weeks at beginning of third week. All mice were killed at 4th week. Pathological changes in hepatic tissue were observed by HE and Masson staining.
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1 H-NMR and 13 C-NMR spectra of 18α-GCCS.
